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Purpose: The aim of this study was to reveal whether the differences in further loss of teeth
and occlusal supports, and change in masticatory ability depend on the status of dentition at
the age of 70 in community-dwelling elderly people.
Methods: A 10-year longitudinal survey was carried out on 349 (176 females and 173 males)
elderly subjects. The subjects to be analyzed were classified into four groups in accordance
with the classifications of Miyachi’s Triangular Classification. Zone A: subjects with ten or
more occlusal supports. Zone B: those with nine to five occlusal supports. Zone D: those with
four or fewer occlusal supports and 11 or more remaining teeth. Zone C: those with ten or fewer
remaining teeth. The numbers of remaining teeth and occlusal supports were recorded in both
examinations. Questionnaires regarding their food intake status were given to subjects.
Results: Subjects in Zone B had greater numbers of teeth loss than those in Zones A and C.
Subjects in Zone B and D lost greater numbers of occlusal supports than subjects in Zones A
and C. The number of food items that could be chewed had significantly decreased in
subjects who remained in Zone A and those who changed from Zone B to Zones D and C.
Conclusions: It was shown that various states of dentition classified by Miyachi’s Triangular
Classification at the age of 70 resulted in different numbers of remaining teeth and occlusal
supports and changes in masticatory ability 10 years later in community-dwelling elderly
people.
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Masticatory ability plays a vital role in nutrition intake [1] and
the enjoyment of daily activities [2,3]. It is important to correctly
evaluate masticatory ability in order to establish health and
improve QOL in elderly patients. To date, research based on a
variety of both subjective and objective evaluation methods
showed that the masticatory ability of elderly people is affected
by factors such as the number of remaining teeth [4,5], the
number of occlusal supports [6], occlusal force [7], salivary flow
rate [8], and periodontal status [9]. Moreover, the crucial factors
for masticatory performance vary, depending on the phase of
occlusal collapse [10]. Tooth loss and a decrease in occlusal
supports associated with aging are estimated to be the foremost
factors reducing masticatory ability in elderly people.
In clinical practice, it is assumed that the prognosis of
residual teeth is affected by tooth-related factors such as tooth
type, periodontal condition, root canal treatment, and abut-
ments for dentures, and is also affected by status of dentition
expressed by occlusal supports and residual teeth [11,12].
Recent research is aimed at classifying clinical characteristics
of the patient, evaluating the degree of difficulty of prostho-
dontic care, and then applying this information in diagnosis
and treatment planning [13]. Evaluation of the status of
dentition is included as one aspect. Miyachi’s Triangular
Classification [14], which is widely used in clinical practice
today [15–17], was adopted as part of the multi-axis assess-
ment protocol to measure treatment difficulty in prosthodon-
tic care recommended by the Japan Prosthodontic Society.
This classifies patients seeking prosthodontic care into four
types using coordinate systems based on the number of
remaining teeth and the number of occlusal supports in order
to evaluate the degree of difficulty of prosthodontic treatment.
The rationale behind the classification system is based on the
clinical observation that the risk of the changing status of
dentition varies depending on the area. In order to establish
the clinical effectiveness of assessment of states of dentition,
changes taking place over time in the state of dentition and
resultant changes in function need to be verified based on
long-term acquisition of longitudinal data.
In the present study, a ten-year follow-up study was carried
out targeting community-dwelling elderly people living in
Niigata City from the time when they were 70 years old until
they turned 80. Changes in the state of dentition were
analyzed based on the concept of Miyachi’s Triangular
Classification, and changes in masticatory ability were
examined by means of questionnaires. The aim of this study
was to reveal whether the differences in further loss of teeth
and occlusal supports, and changes in masticatory ability
depended on the status of dentition at the age of 70 in
community-dwelling elderly people.
2. Materials and methods
2.1. Subjects
Study questionnaires were mailed to all residents of Niigata
City who were 70 years old as of April 1998 (4542 people),asking if they would like to participate in the study. Replies
were received from 3695 people. Of those, people who were
willing to undergo health checkups were given preference and
600 people were randomly selected with approximately the
same number of males and females, in order to investigate the
influence of gender. A baseline study was conducted in 1998,
when the participants were 70 years old, and follow-up studies
were subsequently conducted once a year. In the research
described here, analysis was conducted of 349 people (176
females and 173 males) who participated in both the baseline
study and the study conducted ten years later, when they were
80 years old. All of the analyzed subjects were healthy and
were living independently, without receiving any special
nursing care. The study protocol was approved by the Ethics
Committee of the Faculty of Dentistry, Niigata University.
2.2. Oral examination
Oral examination was conducted to record the state of
remaining teeth and the present condition of removable
dentures. Residual root stumps and the pontics of fixed
bridges were excluded. Abutments of telescopic dentures were
included as remaining teeth. Four dentists conducted the
examination, and calibration of the examiners was done prior
to examination in the baseline and later studies.
2.3. Classification of the status of dentition
The subjects to be analyzed were classified into four groups
based on the number of occlusal supports and the number of
remaining teeth, in accordance with the classifications of
Miyachi’s Triangular Classification [14] (Fig. 1). If a patient had
the same type of teeth in both the maxillary and mandibular
jaws on the ipsilateral side, it was considered to be one
occlusal support, and the total number of such pairs was
calculated as the number of occlusal supports. The number of
remaining teeth was defined as the total number of remaining
teeth in the maxillary and mandibular jaws, excluding third
molars. In the original triangular classification, residual tooth
roots were considered as remaining teeth. In this study,
however, because we were not able to obtain information as to
whether the residual tooth roots were targeted for extraction,
or whether they were useful teeth that were actively being
used, they were treated as lost teeth.
The classified groups were labeled using the notation used
by Kuboki et al. [13], who adopted Miyachi’s Triangular
Classification to classify the location and extent of edentulous
areas. Subjects with ten or more occlusal supports were
classified into Zone A, while those with nine to five occlusal
supports were classified into Zone B, those with four or fewer
occlusal supports and 11 or more remaining teeth were
classified into Zone D, and those with ten or fewer remaining
teeth were classified into Zone C.
2.4. Questionnaire on food acceptance
Subjects were given a questionnaire regarding their food
intake status, which was created with reference to ques-
tionnaires evaluating the masticatory ability of complete
dentures devised by Sato et al. [18] and Hirai et al. [19]. In the
Fig. 2 – Tooth loss during ten years in each Zone classified
at baseline study.
Fig. 1 – Miyachi’s Triangular Classification [14] labeled
using the notation used by Kuboki et al. [13]. Zone A:
subjects with ten or more occlusal supports; Zone B:
subjects with nine to five occlusal supports; Zone D:
subjects with four or fewer occlusal supports and 11 or
more remaining teeth; Zone C: subjects with ten or fewer
remaining teeth.
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foods: peanuts, pickled daikon radish, hard-baked rice
crackers, beefsteak, vinegared octopus, scallions, dried squid,
and raw squid. Subjects were instructed to respond to the
question ‘‘Are you able to chew this food?’’ by indicating either
‘‘Yes’’ or ‘‘No’’. The masticatory ability of each subject was
evaluated based on how many of the eight foods the subject
was able to chew.
2.5. Statistical analysis
The Wilcoxon rank sum test was used for comparisons
between the subjects at age 70 (baseline) and age 80 (follow-
up), while the Mann–Whitney U-test was used to compare
subjects who could be followed after 10 years versus subjects
who dropped out, and female versus male subjects. The
Kruskal–Wallis method was used for comparisons among the
four groups from Zones A to D of the Miyachi’s Triangular
Classification groups, and the Scheffe method was used for
multiple comparisons. The level of significance was set at 0.05
or lower.
3. Results
3.1. Characteristics of subjects
Of the 600 subjects examined at baseline, 349 (176 females
and 173 males) participated in the follow-up study, and 251
(118 females and 133 males) were lost to follow-up. The
follow-up rate was 58.1%. Among the 251 subjects who were
lost to follow-up, 80 were deceased, 8 were no longer living in
the city, 123 refused to appear for the follow-up examination,
and 31 were lost for unidentified reasons. In comparison
with the subjects remaining at 10 years, subjects who had
dropped out had significantly fewer residual teeth andocclusal supports at baseline (Table 1). There was no
difference in residual teeth and occlusal supports between
followed and dropout subjects when they analyzed sepa-
rately by gender.
3.2. Change in the number of teeth and occlusal supports
When the baseline study was conducted, there was no
difference in the numbers of remaining teeth and occlusal
supports between genders (Table 2). When the follow-up study
was done ten years later, the number of remaining teeth was
significantly less compared to the baseline study. The number
of occlusal supports at the time of the later study was also
significantly less compared to the baseline study. There was
no difference between males and females in the number of
teeth lost and the number of occlusal supports lost during the
ten years.
At the baseline, the largest number of subjects, 38.1%,
were classified into Zone A of Miyachi’s Triangular Classi-
fications, while the lowest number, 11.7%, were classified
into Zone D (Table 2). During the ten years, female subjects in
Zone B lost an average of 3.8 teeth, which was significantly
more than the number of teeth lost by subjects in Zone A (1.5)
or Zone C (1.8) (Fig. 2). Male subjects in Zone B lost an average
of 3.9 teeth and those in Zone D lost an average of 5.2, both of
which were significantly more than those in Zone A (1.6) and
those in Zone C (1.9). During the ten years, female subjects in
Zone B lost an average of 2.7 occlusal supports and those in
Zone D lost an average of 1.7, both of which were
significantly more than the number of occlusal supports
lost by subjects in Zone A (1.2) or Zone C (0.3) (Fig. 3). Male
subjects in Zone B lost an average of 2.5 occlusal supports
and those in Zone D lost an average of 1.7, both of which
were significantly more than those in Zone A (1.2) and those
in Zone C (0.1).
Table 1 – Baseline characteristics of subjects who participated in follow-up study compared with those who were lost to
follow-up.
Total Female Male
Follow-up Lost to
follow-up
Follow-up Lost to
follow-up
Follow-up Lost to
follow-up
Number of subjects 349 251 176 118 173 133
Number of remaining teeth
75 percentile 25 24 24.25 24 25 24
Median 20 18 20 17 20 18
25 percentile 11 9 10 8 11 9
p-valuea 0.0271 0.1085 0.1185
Number of remaining occlusal supports
75 percentile 10 11 10 11 10 12
Median 6 7 6 7 6 8
25 percentile 0 1 0 1.75 0 1
p-valuea 0.0423 0.1690 0.1386
Number of subjects for Miyachi classification
Zoon A 77 133 36 63 41 70
(%) (30.7) (38.1) (30.5) (35.8) (30.8) (40.5)
Zoon B 62 90 29 52 33 38
(%) (24.7) (25.8) (24.6) (29.5) (24.8) (22.0)
Zoon C 73 85 35 45 38 40
(%) (29.1) (24.4) (29.7) (25.6) (28.6) (23.1)
Zoon D 38 41 17 16 21 25
(%) (15.1) (11.7) (14.4) (9.1) (15.8) (14.5)
Percentage of denture wearers 62.8 55.9 63.2 59.1 62.4 52.6
a Difference between baseline and follow-up studies analyzed by Mann–Whitney U-test.
Table 2 – Residual teeth and occlusal supports at baseline and follow-up studies.
Residual Teeth Residual occlusal supports
Total Female Male Total Female Male
(n = 349) (n = 176) (n = 173) (n = 349) (n = 176) (n = 173)
Baseline study
75 percentile 25 24.25 25 11 11 12
Median 20 20 21 7 7 8
25 percentile 10 10 11 1 1.75 1
Follow-up study
75 percentile 23.25 23 24 10 10 10
Median 17 16 17 5 5 6
25 percentile 5.75 7.75 7 0 0 0
p-valuea 0.000 0.000 0.000 0.000 0.000 0.000
Loss during ten years
75 percentile 4 4 4 2 2 2
Median 2 2 2 1 1 1
25 percentile 0 0 0 0 0 0
a Difference between baseline and follow-up studies analyzed by Wilcoxon rank sum test.
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Of the subjects classified into Zone A at the time of the baseline
study, 71.4% of the female subjects and 74.3% of the male
subjects were still in Zone A when the follow-up study was
done ten years later, while 25.4% of the female subjects and
24.3% of the male subjects had moved to Zone B (Table 2).
There were three subjects (3.1%) who had moved from Zone A
to Zone C or Zone D. Of the subjects classified into Zone B at
the time of the baseline study, 53.8% of the female subjects
and 55.3% of the male subjects were still in Zone B when the
follow-up study was done 10 years later, while 11.5% of thefemale subjects and 15.8% of the male subjects had moved to
Zone C, and 34.6% of the female subjects and 28.9% of the male
subjects had moved to Zone D. Of the subjects classified into
Zone D when they were 70 years old, 43.8% of the female
subjects and 32.0% of the male subjects were still in Zone D,
while all others had moved to Zone C. Regardless of changes in
zone that took place between the time of the baseline study
and the follow-up study ten years later, the numbers of
remaining teeth and numbers of occlusal supports had both
significantly decreased. However, because only one subject
had moved from Zone A to Zone C, and two subjects had
moved from Zone A to Zone D, we were not able to statistically
Fig. 3 – Loss of occlusal supports during ten years in each Zone classified at baseline study.
Table 3 – Change in the classification of dentition: number of subjects in each Zone at the baseline and follow-up studies.
Classification of dentition at baseline study
Total (n = 349) Female (n = 176) Male (n = 173)
Zone A Zone B Zone D Zone C Zone A Zone B Zone D Zone C Zone A Zone B Zone D Zone C
Baseline study (%)
133 90 41 85 63 52 16 45 70 38 25 40
(38.1) (25.8) (11.7) (24.4) (35.7) (29.5) (9.1) (25.6) (40.5) (22.0) (14.5) (23.1)
Follow-up study (%)
Zone A 97 45 52
(72.9) (71.4) (74.3)
Zone B 33 49 16 28 17 21
(24.8) (54.4) (25.4) (53.8) (24.3) (55.3)
Zone D 2 29 15 1 1 18 7 1 1 11 8
(1.6) (32.2) (36.6) (1.2) (1.6) (34.6) (43.8) (2.2) (1.4) (28.9) (32.0)
Zone C 1 12 26 84 1 6 9 44 0 6 17 40
(0.8) (13.3) (63.4) (98.8) (1.6) (11.5) (56.3) (97.8) (0) (15.8) (68.0) (100.0)
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occlusal supports. Three subjects had crown restorations on
the residual tooth roots during ten years and had more
remaining teeth as defined in this study, and later one of them
moved from Zone C to Zone D (Table 3).
3.4. Change in masticatory ability
There was no difference between males and females in the
number of foods that could be chewed by the subjects at the
time of the baseline study. At the time of the follow-up study
ten years later, the number of food items that could be chewed
was significantly less compared to the baseline study. The
number of chewable foods that decreased during the ten-year
period did not differ between the genders.
In terms of the number of food items that could be chewed
as categorized by the various zones in the Triangular
Classification, no differences were observed between the
genders in either cross-sectional or longitudinal analysis, andtherefore subsequent analysis was conducted combining the
data for both genders together. At the time of the baseline
study, the number of food items was significantly larger in
Zone A than in the other areas. In terms of changes that
occurred between the time of the baseline study and ten years
later, the number of food items that could be chewed had
significantly decreased in subjects who remained in Zone A,
those who changed from Zone B to Zone D, and those who
changed from Zone B to Zone C (Table 4).
4. Discussion
In the research described here, a longitudinal study was
carried out over a ten-year period that targeted 349 commu-
nity-dwelling elderly people from the time they were 70 until
they turned 80. The study clarified changes in the status of
dentition as classified based on the concept of Miyachi’s
Triangular Classification, as well as accompanying changes in
Table 4 – Change in masticatory ability.
Classification of
dentition (Zone)
n Number of chewable foods (max = 8) p-valuea
Baseline
study
Follow-up
study
Baseline study Follow-up study
75 percentile Median 25 percentile 75 percentile Median 25 percentile
A A 97 8 8 8 8 8 7 0.003
B 33 8 8 7 8 8 7 0.280
C 1 7 7 7 5 5 5 –
D 2 7.75 7.5 7.25 4.25 3.5 2.75 –
B B 49 8 7 5 8 7 5 0.845
C 12 8 7 6.75 5.5 5 0.75 0.031
D 29 8 6 5 8 5 4 0.015
D C 26 8 6.5 5 8 7 4 0.738
D 15 8 5 4 7.5 6 3.5 0.415
C C 84 8 6 4 8 5.5 3.75 0.570
D 1 7 7 7 5 5 5 –
a Difference between baseline and follow-up studies analyzed by Wilcoxon rank sum test.
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masticatory ability (the number of food items that could be
chewed). Based on the results of the research, evaluation of
the state of dentition using the concept of Miyachi’s Triangular
Classification may help to predict subsequent changes in
teeth, occlusal supports, and masticatory ability. At the same
time however, this research had a number of limitations.
Because the number of subjects was limited, it was not
possible to adequately clarify the circumstances of changes in
all of the zones. Moreover, according to Miyachi’s Triangular
Classification, among patients who had lost occlusal supports
in the molar region, those evaluated as having so-called non-
vertical stop occlusion, meaning they had a large number of
remaining teeth but few occlusal supports, were classified into
Zone D, while patients with few remaining teeth and few
occlusal supports were classified into Zone C. Patients in Zone
D are difficult to treat, and these patients express a higher level
of dissatisfaction and encounter greater inconvenience,
whereas patients in Zone C tend to have stable symptoms.
In our research however, we were unable to make a clear
distinction between these two functional differences. It may
have been possible to clarify these differences if evaluation of
masticatory ability had been done using an objective ap-
proach.
The 251 subjects who dropped out had fewer remaining
teeth and occlusal supports than those who were available for
follow-up 10 years later. However, there were no gender
differences. The subjects of the present study were willing to
participate and may therefore have been more health-
conscious than other community-dwelling elderly people. In
addition, they were living independently, without receiving
any special nursing care, even at age 80. Accordingly, the
possibility cannot be dismissed that this group of individuals
may have had better oral health compared to the dropout
subjects and the population of community-dwelling elderly
people as a whole.
The changes in the number of teeth lost, the number of lost
occlusal supports, and the number of food items that the
subjects were able to chew at the time of the follow-up studyvaried based on the zone that the subjects were classified into
at the time of the baseline study done ten years prior (when
the subjects were aged 70 years). Both male and female
subjects in Zone A had lost few teeth, while both male and
female subjects in Zone B had lost numerous teeth, and in
Zone D, only male subjects had lost numerous teeth.
According to a Survey of Dental Diseases conducted by the
Ministry of Health, Labor and Welfare in 2011 [20], among
people aged 70 to 74 in Japan, the average number of
remaining teeth is 17.3. Many of the people in Zone A, who
had retained 20 or more teeth and ten or more occlusal
supports up until age 70, may well remain in a stable state over
the long term. People in Zone B, however, who have already
lost several teeth and occlusal supports, went on to lose the
largest numbers of teeth and occlusal supports, with 45.6%
moving to Zones D and C, and were able to chew fewer types of
food items. In other words, in groups of subjects who had
already lost some teeth, there was a clear tendency for further
tooth loss, and for masticatory ability to further decrease.
Previous research [21] has indicated that the number of
remaining teeth itself can predict the risk of subsequent tooth
loss, and the results of our study correlate well with these
indications.
According to Miyachi [14], the subjects in Zone A had
missing occlusal supports, but occlusion was relatively stable,
and these subjects were evaluated as not being at risk of
increased loss. Results of the present study which indicated
that subjects in Zone A had lost fewer teeth than in Zones B
and C during ten years, support his notion. Compared to
subjects in other zones, a greater proportion of subjects in
Zone B at age 70 had moved to Zone C or D 10 years later and
this group had more tooth loss. These findings are also in
agreement with Miyachi’s theories.
Also, Miyachi suggested that subjects in Zone D may have a
number of teeth, but have lost their occlusal supports, and
teeth that were not involved in occlusal support were more
likely to be increasing the burden on the residual ridge under
dentures. These might result in so-called ‘‘non-vertical stop
occlusion’’ and become difficult to treat. Moreover, Miyachi
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supports and are in the stage just prior to an edentulous state,
but tend to be functionally stable. However, there was no
difference in subjective masticatory ability between subjects
in Zone C and those in Zone D in the present study, and there
was no clear functional difference between the two groups.
Differences in Zone C and Zone D subjects may have been
apparent if objective methods had been used to assess
masticatory ability.
In the list of food items compiled by Sato et al. [18], pickled
daikon radish, beefsteak and vinegared octopus were includ-
ed in Group 3, hard-baked rice crackers in Group 4, and dried
squid in Group 5. While in the list compiled by Hirai et al. [19]
peanuts, scallions and raw squid were included in Grade IV,
and pickled daikon radish, vinegared octopus and dried squid
were included in Grade V. The food items provided in our
questionnaire were rated as medium to high difficulty in
terms of mastication. Our findings that the number of food
items that could be chewed had significantly decreased in
subjects who changed from Zone B to Zone D and Zone C
indicate that it might be important to take care of teeth and
occlusal supports in Zone B for the maintenance of food
diversity in daily diet.
Interestingly, we saw a significant decrease in the number
of food items that subjects were able to chew even among
those who remained in Zone A during the ten years. The
number of remaining teeth significantly decreased during the
ten years in this group as well. In the Eichner classifications
[22], masticatory ability is described as being worse in Class B
than in Class A, and worse yet in Class C [6]. In our study,
among subjects who remained in Zone A, the percentage
classified into Class A under the Eichner classification was
83.5% at the time of the baseline study, but had decreased to
70.1% ten years later, which may explain the decrease in the
number of food items that could be chewed. However, even
the 49 subjects in Zone A, who did not lose teeth during the ten
years, demonstrated a decrease in the number of food items
they were able to chew. Thus, it is surmised that, in addition to
tooth loss, the decrease in occlusal force and progression of
periodontal disease that accompany aging may affect the
number of food items that people are able to chew.
At the same time, however, subjects who were classified
into Zone C or D at the time of the baseline study when they
were 70 years old demonstrated decreases in the number of
remaining teeth and occlusal supports, but despite these
decreases, and regardless of changes in the zone to which they
were classified, there were no changes in the number of food
items that they were able to chew. Ikebe et al. reported that the
impact of factors that affect masticatory ability differs
depending on the degree of occlusal collapse as indicated by
the Eichner classification [10]. Although the number of
remaining teeth and the occlusal force had a strong impact
in Classes A and B of the Eichner classification, the number of
remaining teeth did not have a significant impact in Class C. In
our study, we found that in Zone D, when the subjects were 70
years old, 90.2% were in Classes B3, B4, and C; further, in Zone
C, 100% were in Classes B3, B4, and C. In groups that had few
occlusal supports, the number of remaining teeth was not
shown to affect the number of food items that could be
chewed in either cross-sectional or longitudinal analysis, andthis result correlates well with results reported by Ikebe et al.
Most of the subjects classified into Zone C and Zone D were
objectively judged to need dentures, and in our study, 92.7% of
the subjects in Zone D and 98.8% of those in Zone C had
dentures at the time of the baseline study. Consequently, the
quality of the dentures may significantly affect masticatory
ability.
5. Conclusion
Within the limits of the present study, it was shown that
various states of dentition classified by Miyachi’s Triangular
Classification at the age of 70 resulted in different numbers of
remaining teeth and occlusal supports and changes in
masticatory ability 10 years later in community-dwelling
elderly people.
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